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Production of keratinase by an actinomycete strain isolated

from deep-sea sediment and its decomposition capability on native keratins
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Takeshi TERAHARA and Katsuhisa YAMADA

Abstract

Cultivation conditions for keratinase production by an actinomycete strain isolated from
deep-sea sediments of Kagoshima Bay at a depth of 218 m were investigated and character-
ized. Maximum production of the enzyme was obtained in a quarter strength artificial
seawater. Purified enzyme obtained from the culture supernatant of the strain using cation
exchange chromatography and gel filtration showed an approximate molecular weight of
30,000D with thermostable and pH stable characteristics. Various native keratins such as sea
sponge, scales of red seabream, feather and sheep wool were completely decomposed by the
partially purified enzyme, whereas shell of green turtle and barbell of minke whale were
hardly decomposed.

Key Words: Deep-sea, Keratinase, Actinomycete, Native keratin, Sediment

E B

BEIRBEKEE 218 m OWEHEREN» © SBES NI HIRE D 7 5 7+ — CHEE OB 2R
L, SOICEEERD» OABRLHE - BRI L CEEREMO M IC L, BVBEREHIR 1/4 BE
(25%, v/v) OATHKBECTRON, BEERLEBE» A 4 v RBROS VBRI o< b7 5
74—k SFF—EEEHL THTENLNS AT, BRUpHLZEREDEG VT & 2R L .
7o, AMBRIIA A Y, w54 DYy o3, PEBICEELREOH R 5 7 v 2FEAH
DBVWEERR LD, TAYIAAOHBBELTI V27 V50X R EOHNMEESY 5 F 13
FEAERR LI - T2,

¥—0—FK:FEE rosF+—+¥, BEHE Hotr sy, HEYD

(Onifade et al., 1998; Gousterova et al., 2005).

T, He OBRBERENELILL T b, K&

75F VRPEPEE, ¥EUEOEEL Y vy ZUHETIBEETYT SF VY RRKEOEEM LD,
2BT, PETEZD 0% LENYr sF vy vy  ZONIEAHFERIBURCIRBEADIAIc2 <, REHR
NIBTHEBEREINTWA I EBHMoNTWE T3 (Onifade et al., 1998). HTHFERE
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DIKEED 5 ~7 %% 5%, RENGHSREE
sy BO—>ThHh, AR SEFE 20,000
P LI EOTIESKBEN SBEEME L THish
TWw3 (Williams et al., 1990; Ionata et al., 2008).

5, PIEA(CFRSNES, ENPRRBE%E
FIALT7 =¥ — 3 =& LTRSOHERNCMT
BRAVILITORUTVWS, LeLiEds, Ins
DOHEFFBFETREVIZ M Br»EDHE 5T,
BIEEQE G| & e C 9775 Lk S ERES DR S 1
TW53% (Baker et al., 1981; Deydier et al., 2005;
Riffel et al., 2003). TD LS EmS, 75 F
VAR GURENEMENOEEST 575 5F F— €T
ST 2 HESEPICERI NS LI - TE
(Shigeri et al., 2009). T O FikIHRI 12 AEMZE
BmcThHy, BEN»OEREICHE LY (Gousterova
etal,2005). ¥7z, 75 F v ORREMEFED
RN L2, 75 FF—¥Ek b DRREAK
ENIBHTZ L BARETH 5.

IhEclEIN TV AIMENHKD T 5 F F —
3, fE (Riffel et al., 2003; Manczinger et al.,
2003; El-Refai et al., 2005), B (Gradisar et al.,
2000; Friedrich et al, 2005) B X U K#E
(Ignatova et al., 1999; Gousterova et al., 2005)
ORI NTHBD, HABERCOIGHIATY
% (Gupta and Ramnani, 2006). L» L7255,
INSRIXTELEENTH 2 E, PIEPCEER
E ORI 5 F v ATRICHET 5 LIETE
B, Fih, BEHRO T 5 F > — CEEMEY O
| S ¥ 75 < (Varbanets et al., 2011), #FichX
MEICOV T EHEDOBIRTH 5.

DL BERPSARMETIE, FEEREHOIK
MEICER L, BREBBORBEMEY LDy 5
FF—EERAET SHREEDREL, 7T -
DHEZFARET L, db¥ TABRLEER D
SHIgE - BRIL, TOFEMWREZHONICTEILE
HRE L7z, &7, £ it L TAREBER 2RV
THOREEY S ) BTHBTIE, FEBLY
ANEB EONEFEEREITV, EXENAEZREFICAN
T T AREIRF S 21T - /2.

2. MEBLUAEE

2.1 FSFF-—EHEERKRBAOSBE MK
77 FF - EHEEROSHICIE, BREEEDKE
218m DHEEHN S, ERX vy I THRERETREL
roiEHEREM A Wi, COHEREY 05 g IcHEER
Bk 06ml #MA, XHEHBLKLKEK, 55°CT 30
ST CHRHMES 2 iHEFEHEERB L e b, K
HORBEHET IMEMED 7 Rt v v 2 KB
FBElug/mlici & ICMLIcyr 557 v BREE
Hi (Tendler and Burkholder, 1961) iZ 100 ul &
L7, CofM%E 50°CT2 AMEEL cAELK
Jo=—0RRIcT 5 F v AR B N o —%
R L tk% 4y 57+ —€HEER (KAG02-27 Fk
Lah) & LTHBEL .
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> —€iEH

ATL#7K (Hidaka and Sakai, 1968) D& %
0, 1/4 (25%, v/v), 1/2 (50%, v/v), 3/4 (75
%, v/v), BLXU 1/1 #E (100%, v/v) I<#
BLUIr 5 F viRIAEEH (Table 1) ZfERk L,
100 ml BNy 7 M & = 7 5 2 ok 20 ml
ESEL, A— 7 v—T7HER BREREEE
L, 50°CT 72 Kefil#izi&5E#E (160 rpm) L7, £
#£%, BEERZESR (7 K57 v 2 No. 1 &)
LCHEZEY, 60°CITHEWVT 48 Brfijfip s € 72
%, WRERAAEL, ¥ 75 vNROIEEE L.
T/, BRIZOVTRISICELSE (4°C,
20,000xg, 1043fE) L, BonrEELBOy
55+ — EiEHERE L.

23 TIFF—EEHRAE

s F F — ¥ oiEMRAE X Ignatova et al.
(1999) DFHFE%E—HHEL CTiT-7. T8
2.2 TR 7558 L5 200 4l %2 50°CTH5 fEl 7 L
2% 5F visk (50
mM V) VB, pH7.3) 400 ]l 2%, 50°C
TIEA vFax"—varvli 41 vFa—va
Y%, 1% bt) 7 ool (TCA) 800ul ZHNA

4 vFa"=—vz L,
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BRRIGEEIES S, BOO8E L T LEOWLE
(ODuso) ZHIEL . Efy LA v Fan—vg
v#, TCA &7 5 F VIERDOINMNERF 28 Lk
bOERMICIRELTT 5 v 7 & L, BRRIGZIT-
7o b D & OWRNEE D% TREFRTEYE &S] L 7.
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KAG 02-27 #% Table 1 IZ/R$ 4 5 F v ikIKRE
HWTKBIEEL, 755+ —¥OHE - BRUCft L
to. REIEBETRY 5 F VikiEREH 2,000 ml i A&
HRAREE L 2%, 50°C T 96 W fiEl#x iR &5 &
(160rpm) L7z, &R, EBREZELSHEE (4
°C, 20,000xg, 204 L, Z® ki 1,710 ml
S5 FF— ORI L, BonicEEELE
i, PFIEED 0% CHEB 7T v E=v %X
THEPIBRR, 4CTBRKEL. 20Kk, &
LDABEL, BoncikiE?% 50 mM Tris-HCl £&
B (pH8.0) KA L1, Thxabic, &R
BFrHt Vo —2F 2—7, SESTE 12,000-
14,000, =¥ c An7-#%, 50 mM Tris-HCI
ZEER (pH8.0) T—BESEHIL (4°C), TOA
BEEN L 72, COBETAKEH S5 U 50 mM
B> + ) v LEEKR (pH4.0) TFE#E(LL <5
A W ro= 2757 4 —75 54 (Cellufine
C-500 m, HEfbH¥ T3, ¢26x525cm) IZFIEL,
1,200 ml D EEE®R cHith Lok, BRI 1
MNaCl Z&EM L 72 & © TESNEE A (1,200
ml-3,800 mlD) Tk - CHAEIZBAHS 7. B8,
FRi#id 1.0 ml/min ICF8AEIL, 10mld>757 v s
vESRLUK., BHE, £752 Y2 v®280nm
WOCREE r 5 F F —¥EMERE L /2. /Boniig
W57 vavest—L, BAERE (NMWLS5,000,

Table 1 Composition of keratin liquid medium

Keratin{TCl) 10g
K,HPO, 1g
MgS0,*7H,0 ig
KCl ig
Bacto-yeast extract {Difco) 0.4g
Distilled water 750ml
Artificial seawater 250ml
pH 8.0

Millipore) i< & b Z#Ek, 7y V&7 o<t 73
7 4+ — (Sephacryl High Resolution S-200 HR,
GE Healthcare Bio-Science, ¢ 1.6X97.5cm) I
#E L7z, BE5HIE, 50 mM NaCl-10 mM Tris-HCl
EER (pH7.0) 2\, #i# 0.5 ml/min TEH
SR 1I0mlEF>2757va vaESRLEL Boh
w739 vaviioWTHA A v su<w b TS5
7 4 — &AM, 280 nm OBNERG T 5 FF — ¥
A RITE L.

25 ZUNIEREDRE

BAERIBBCEONIY Y TIVD Y VX7 B
i3, DC Protein Assay (Bio-Rad) #HWT, »
VI 7V 7 3~ (Sigma-Aldrich) 2% % v ¥ —
FELTr v/ BEERL, KDY v /v s
HRE (mg/mD, #iEM (AU, Wikt (AU/
mg protein) AFFITEINER (%) %57,

2.6 FEREEF D SDS-PAGE &7

FERIEESR 1 TCA TRiRZEIC L D IRME L, SDS-
polyacrylamide gel electrophoresis (PAGE) %
fTote, THbBRERT 57 v a2~ 900ul i 20%
TCA 100 ¢l ZfNZE#RE, 5 of&EO7EE (4°C,
20,000xg) L7z. T LiEEBRER, HEICY 2
FUT—F0800ul ZMAEEL, BEELTRE
L7z, OB A ZERZE%, SDS-PAGE sample
buffer (4 % SDS, 1% B-mercaptoethanol, 20
% glycerol, 0.01% bromophenol blue, 10 mM
Tris -HC1 2%, pH6.8) 10ul ZiRML, 95°C
2T 3 DEIMBE MR 21T - 7ok, BXUKENCHE
Lic, ik, BRUKENCE, 575R+3=X57
BERkEE (ATTO) =AW, fFE~<-H—-&
L T Polypeptide SDS-PAGE Standard (Bio-Rad)
AERAL, FRT20V, 75 SHEERKEEIT - .
5%, SDS-PAGE Z[fH « =i (1996) ©7' v b
I —VITHE - T,

27 By SFF—EORERTEH, THEE, pH
REHOHE
AR OB EW IS 557+ — €% 20-100
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CT 60 DIMNE L /o1, BRAEH ZRIE L T
L7z, E£7, E@EIEEIZ 30-90°Co&EiFH TiEM R
EET-> TR, ¥5FF—YORLEEHRL LU
EHEE I RSRE TOEES 100% & L 7 HE
HCHME L 7., pHLZEWIE, BERrsF¥-—+¥0
pH % 3.0-11.0 icFHE L 30 HfKER, pH7.0
HEEL, BEEHE2NEL, pH70IXB T 57
2 100% & U 7 7E I < afE L 7.

2.8 BEERERMCLZIBRIrSFFr—EOR
EER B

Ry S FF— PICKEBE ImMIC/2 5 L 51T,
NaCl, KCl, LiCl, CaCl,+2H:0, MgSO.* 7H:0,
MnCl, » 4H,O, FeSO,+7H,0, CuSO,+5H:0,
ZnS0,+7H;0, NiCl,+6H,0 ¥ & U SrCl,*6H;0 %
TNZNMA TEHRIER, &ANEEZE 100% & L
TG TR I T ARy 5 F S - EOK
TE % A L 72,

2.9 HOBUEYMES O NXIBORRER

Table 1 ISR MBS D 5 F v ORDHD I,
HARUEEIE S VNV BTHEF I HARA Y, =
SA DRy na, TAYIAAORE, IV 7
Vooer (), BOME, ¥E, A#=74Y
VOKE, NOKEBIUEEZARML, KAGO2-
27 HRAEMEE L /2%, 50°C T 3 HRRiRERE &
(160 rpm) L, &EL598E (4°C, 20,000xg, 10
i) CTEEERVICEER EEICOVWT, 2310
NEHETT SFFr—EEHERE L. /2, 7
5 F VORRFIZOVWTIRERICE DTBRITHEL
TWVWBEHD% 444+, BRIITRCHBLTVWEED
44+, DEDPHERTEE2H50% ++, LTV
BOWHBHEMET LTV 0% +, HEBELN
BWbD%E— D 5 BRETHEL 7.

2z

3. BRERUEER

Ak 16S rRNA B FIT & 2 Rk 5,
Laceyella sacchari NBRC 13920 8 XU L. sacchari
NBRC 15852 #k& 99% LI LoMEEER L7z (77—

4 KF2K). Laceyella J&13 Yoon et al. (2005) i<
& > T Thermoactinomyces @0 5B E I N/
W, FEAPBLEOZVHRETH 50, FITERSR
BEBBBICERT LV MESATV S
(Nilsson et al., 2006). L» L, EHED Laceyella
BICBET AT, 75 F v OREEAET A6 0
FREDIE .

Figure 1 iZ/R Lz & DT, AWRIZALEBKERE
256~50% (v/v) ICHBLEMTr S F+—+¥
EHEPE L, 26~50% (v/v) Tl 25% (v/v)
DHIREENR OB - &5, 25% (v/v)
TERONBILrSF v SRR L TVE RS
fo. WIKEBEE 100% (v/v) THOBRMET LI
HE LT, WKEESSGVERED Y 55 v 03EE
L, KHSRIRENCT 5 F v 20T 5 EBTE
Bt ENFREREEZEZ SN S,

KMPEET S FF—EEA 4 s o<
NS T4 —BLUOXNVEBI O NS 4 —IC
Lo THRE LK. ZOiER, Table 2 IT/Rd LT
75 FF—EREELEFEPHSK 20%DONER (7
WiEB 7 o< b T 57 4 —ROETEM/EER Lk
DETEH X 100) T, #2,000 fEOHE (Vi
ya<br 57 — %O NEE/EER LEO E
) FoREshik, BoncBRERICOVT,
SDS-PAGE 217>/ & 2 A, Fig. 2ITRT L1
#130kDa ffiflicx ¥ v+ —NY FR SNk, 20
#5513 Eun-Ja et al. (2010) DO#E L7z 51 kDa,
Anbu et al. (2005) @ 39 kDa, Jeon and Park
(2002) @ 65kDa, # & U Bernal et al. (2006)
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Fig. 1. Effects of an artificial seawater concentration
on the production of keratinase and dry weight
by strain KAG 02-27.
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Table 2 Purification of keratinase from the strain KAG 02-27

Total protein

Total activity  Specific activity

Purification step (mg) (TA) (TA/mg protein) Recovery{%)
Cell culture supernatant 11,799 536,940 45.5 100
Ammonium sulfate

precipitation(90%) 842 279,180 331.6 52.0
Dialysis (Dialyzate)

against 50mM Tris-HCl buffer, pH 7.0 741 251,790 339.8 46.9
Cellufine C-500m

ion exchange chromatography

(®2.6 X 52.5, Linear conc. 113 214,830 1,901.1 40.0
gradient of NaCl, 0-1M)

Sephacryl high resolution $-200 HR

chromatography (¢$1.6 X 97.5, 1.68 158,704 94,466 29.6

50mM Tris-HCl buffer, pH 7.0)

Lane 2

Lane 1

kD
97

66 |

as

29 |

17

Fig. 2. Tricine-SDS-PAGE of the purified keratinase.
Sample: lane 1, protein standards; lane 2, A;
Keratinase.
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Fig. 3. Thermostability and optimum temperature of
keratinase from the strain KAG 02-27.
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Fig. 4. pH-stability and optimum pH of keratinase
from the strain KAG 02-27.
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Table3 Effects of inorganic salts on the keratinase
activity produced by the strain KAG 02-27

Inorganic salt Relative activity (%)
None 100
Nadl 106
KCl 104
LiCl 104
CaCl,*2H,0 103
MgS0,+7H,0 101
MnCl,*4H,0 113
FeSO,*7H,0 134
CuS0O,*7H,0 36
ZnS0O,*7H,0 105
NiCl,*6H,0 100
SrCl,+6H,0 100

RIGpH 129 TH - 72,

Table 3 1278~ DFHIEFAE N ic B 1) 2 KEER D
EHERERRER LT, REREHEA 4 Y EE T
BOWTEEROKE TSRS N0, ZofoERES
AMLTbdFEHEHOETP EREIR SN -
7.

Figure 5 Ic A Z B W ENREr 5 57 » D4
gl r 57— ¥EHNERRER L. COX»
bbbk, HNRETrSF v OFINA A Y,
21Dy ea, BOPIEBIUEEICODVWTIEIE
BirzEgviuvwdsmua@rlont, —74, 74
UIAADHBEBLUVI VI V5D OHNE
Wor sy vy cRBEETHRIRONE» -7 L
L, TNoDH Y7 IVDr 5F+—LiEWNED -
totc, ARRBInS OEENEME T 5 F v LIS D)
BEFHALTWAZ &bt 1, 1274
FLOEREBLIUOADOKRER, BETZEVS LD
ST LAMLCYMIEN S XS e h T,
IDZERBYLVBLUE NOREEHERTE7 5 F
Vi oM E IcER L cvwiaorb Ly
(PRI 5, 2003).

KRIC K 2BOPIENRDOMF % Fig. 6 1R L
tz. TOBEXLOLM» S LD ICHEREE TR
DIRSNBENHALL. £/, £ NOKEELSE

12 4 A A A A A . SReaad
i Activity

A Decomposition

++

Keratinase activity (OD,q,)
o
(-}
Decomposition rate

Fig. 5. Keratinase activity and decomposition rate of
native keratin by strain KAG 02-27.

Fig. 6. Chicken feather after incubation for 3 days at
50°C, 160 rpm (after 121°C, 15 min).
Upper, without the strain KAG 02-27;
Under, with the strain KAG 02-27
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50 Brm BEGY

Fig. 7. Scanning electron micrograph of human leg
hair after incubation for 3 days at 50°C, 160 rpm
(after 121°C, 15 min)

Upper, without the strain KAG 02-27;
Under, with the strain KAG 02-27

THEMBECTEE LI A, KEOHABODF 2 —F 4
7VEBORIEEL, FEFEICHA VIR >TWVWE T
Lisbhrot (Fig. 7). LaL#EAMS, £ bOE
EclrsFr—EElbLrsF voa@EbERoh
K-t (Fig. 5). CoEME LT, BERNKE
ELRIBEVEULTVWEDDKENEL B0
i, 75 FF—BILKBDRICEPBEL b DEE
Zohi.

AR CTIBERE» O NBEs N r S F+— €
HEERGSEOEER TSV THE L, 2ok
B\ 5 F v RIE AR 4 B B LM o w
TREREINTE ST, BFERELLIDLD
BY LOHERESHEEES 7z 2 & IIREEREL,
SHARDERET 27 557+ — ¥ OREGEEM I

T AR A FED, EENHEEREIC AN iRt
rsF v ONREBHE/FENS.
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